The methanol extract of the rhizomes of Curcuma longa was found to inhibit tyrosinase activity. After partition, various column chromatographic and preparative HPLC procedures were used for bioassay guided isolation from the active ethyl acetate-soluble fraction. Various spectroscopic (1D-, 2D-NMR) and mass spectrometric techniques, and Mosher's esterification were applied to elucidate the structures of the isolated compounds. The isolates were tested using an in vitro mushroom tyrosinase assay. Inhibition of melanin formation by the active compounds was further evaluated using B16 mouse melanoma cells. Eleven compounds (1 -11) were isolated from the rhizomes of C. longa by bioassay guided fractionation. The configuration at the C-4 position of 4-hydroxy-1,3(15),10-bisabolatrien-9-one (11) was confirmed by Mosher's method. Of the isolates, curcuminoids 5 -7 showed potent inhibitory activity in the tyrosinase assay. Melanin formation of the active compounds in the B16 mouse melanoma cells corresponded with the tyrosinase inhibitory activity. The findings support the view that either curcuminoids or the extract of C. longa rhizomes containing them may be useful for the treatment of hyperpigmentation.
Tyrosinase plays a critical regulatory role in biosynthesis of melanin pigments and is known to be involved in the process of melanoma specific anticarcinogenic activity [4] . Tyrosinase inhibitors can be clinically useful for the treatment of some dermatological disorders associated with melanin hyperpigmentation and are also important in cosmetics for skin whitening effects [5] . In our preliminary test, a methanol extract of the rhizomes of C. longa was found to inhibit tyrosinase activity. Bioassay guided fractionation resulted in the isolation of 11 compounds. In this paper, we describe the isolation and structure determination of the active compounds, and the evaluation of their inhibitory activity both against mushroom tyrosinase and melanogensis in B16 mouse melanoma cells. In addition, we report the stereochemistry of the C-4 position in 4-hydroxy-1,3(15),10-bisabolatrien-9-one (11) , determined by Mosher's method. In our assay system, the methanol extract of C. longa showed 44% inhibition of tyrosinase activity at a concentration of 100 mg/mL. The extract was partitioned with ethyl acetate and the ethyl acetate fraction exhibited inhibitory activity with an IC 50 value of 10.2 mg/mL. Fractionation of the ethyl acetate extract by silica gel column chromatography afforded seven subfractions (Frs. 1-7). Frs. 2 and 3, which showed 50% inhibition of tyrosinase activity at a concentration of less than 10 mg/mL, were purified by various column chromatographic and preparative HPLC procedures to afford eleven compounds (1 -11) . These were identified as coniferyl aldehyde (1) [6] , 3,4-dihydroxycinnamic acid (2) [7] , p-hydroxycinnamic acid (3) [8] , 3,4-dimethoxycinnamone (4) [9] , bisdemethoxycurcumin (5), demethoxycurcumin (6) , curcumin (7) [10], 2,10-bisaboladien-1,9-dione (8) [11] , 2-hydroxy-1,3,5,10-bisabolatetraen-9-one (9) [12] , 3-hydroxy-1,10-bisaboladien-9-one (10) [13] , and 4-hydroxy-1,3(15),10-bisabolatrien-9-one (11) via a combination of spectroscopic ( 1 H, 13 C NMR, COSY, HMQC, and HMBC) and mass spectrometric methods and by comparisons with literature data (Figure 1 ).
The absolute configuration of the C-4 position in 11 was determined using Mosher's esterification [14] . Compound 11 was separated into two equal portions and treated with (S)-(+)-R-and (R)-(-)-R-methoxy-R-(trifluoromethyl) phenylacetyl chloride in anhydrous pyridine at room temperature overnight, to afford the (R)-and (S)-MTPA ester derivatives 11r and 11s, respectively. Based on the differences of proton chemical shifts between 11r and 11s, the absolute configuration of C-4 of 11 was determined to be S. Accordingly, compound 11 was assigned as 4-(S)hydroxy-1,3(15),10-bisabolatrien-9-one.
Although this compound has been obtained by dehydrating bisacurone [15] , this is the first report of its isolation from a natural source. Since the 13 C NMR spectroscopic data have not been previously reported for this compound, we have assigned all the spectroscopic data using 2D NMR spectroscopy; these are reported here for the first time. The tyrosinase inhibitory activities of the isolated compounds were tested using an in vitro mushroom tyrosinase assay. As shown in Table 1 , curcuminoids 5 -7 showed potent inhibitory activities with IC 50 values of 13.0, 11.3, and 10.9 μM, respectively, while the positive control, kojic acid, exhibited an IC 50 value of 8.9 μM. Compounds 1 and 2, with IC 50 values of 28.1 and 20.6 μM, respectively, were more active than compounds 3 and 4 ( Table 1 ).
It has been reported that phenolic compounds may be used as depigmenting agents because they have a similar chemical structure to tyrosine, the substrate of tyrosinase [5] . Sesquiterpenoids 8 -11 appeared to be inactive in our assay system since their IC 50 values were more than 200 μM. The promising inhibition of 7 (IC 50 = 10.9 μM) was comparable to that of the positive control (IC 50 = 8.9 μM), which supports the previous report [5] . The ability of the active metabolites to inhibit melanin formation in cells was assessed using B16 mouse melanoma cells. The melanin formation in the B16 mouse melanoma cells was in accordance with their tyrosinase inhibition ( Table 1 ). The results suggest that the stronger the inhibition of tyrosinase the better is the melanin depigmentation in cells. The depigmenting mechanism for curcuminoids needs to be further investigated because the anti-melanogenic action is connected with complicated biochemical reactions [16] . This study suggests that the components and extracts of rhizomes of C. longa may be considerable for development as depigmenting agents. Hydroxy-1,3(15 
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Preparation of the (R)-and (S)-MTPA ester derivatives of compound 11:
Two portions (each 1.3 mg) of 11 were treated with either (S)-(+)-R-or (R)-(-)-R-methoxy-R(trifluoromethyl)phenylacetyl chloride (5 mL) in anhydrous pyridine (0.5 mL) at room temperature overnight. The reaction mixtures were purified over small silica gel columns with n-hexane-EtOAc (8:1) as the elution solvent, to afford the (R)-and (S)-MTPA ester derivatives of 11 (11r and 11s, respectively). 1 
Measurement of tyrosinase activity:
Mushroom tyrosinase, l-tyrosine and l-dopa were purchased from Sigma Chemical Co. The DOPA oxidase activity of tyrosinase was spectrophotometrically determined using a published protocol [17] . In brief, 1890 μL of assay mixture contained 90 μL of 1.5 mM tyrosine and 0.6 mM l-dopa, 900 μL of mushroom tyrosinase (60 units/mL), 900 μL of the same buffer with or without test sample (0, 10, 20, 50, 100, and 200 μg/mL) in 50 mM sodium phosphate buffer (pH 6.8).
The reaction was started by the addition of mushroom tyrosinase. After incubation at 37ºC for 20 min, the amount of dopachrome formed in the mixture was determined by the optical density at wavelength 492 nm (OD 492 ). The OD 492 before adding the enzyme was also measured in order to eliminate the colorimetric interference by the sample itself. The inhibitory effect of the samples on the tyrosinase activity was represented as 50% of inhibition (IC 50 ); the values given are the mean of double independent tests.
Measurement of melanin depigmentation:
To investigate the inhibitory effect on melanogensis in B16 mouse melanoma cells by treatment with sample, measurement of melanin depigmentation was carried out according to the protocol previously reported [18] . In brief, melanoma B16 cells (ARCC CRL 6323) were cultured in DMEM (10 mg/mL Dulbecco's modified Eagle's medium, 24 mM NaHCO 3 , 10 mM HEPES, 143 units/mL benzylpenicillin potassium, 100 μg/mL streptomycin sulfate, pH 7.1) containing 10% FBS at 37ºC under a 5% CO 2 atmosphere. The cells, until 7 passages, were seeded at a density of 2.5 × 10 3 cells per well of 96-well culture plates and cultured for 24 h. The cells were then treated with 1 nM α-MSH plus sample for 3 days. After centrifugation, supernatants were collected as the melanin source. The supernatants were dispensed to a 96-well culture plate, and then treated with sample for 24 h. The melanin amount in the media was spectrophotometrically measured at a wavelength of 405 nm.
